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(57)Abstract: 

PURPOSE: To improve startability without causing deterioration 
of emission by accelerating atomization of injection fuel at the 
time of starting an internal combustion engine. 
CONSTITUTION: A control device for an engine 1 is provided 
with a piston 3, intake valve 7, exhaust valve 8, fuel injection 
valve 11, variable valve timing mechanism 24, electronic control 
unit (ECU) 51, etc. In a CPU52 of the ECU51, the variable valve 
timing mechanism 24 and the fuel injection valve 1 1 are driven 
to be controlled. As a result, at the time of starting the engine, 
after closing the exhaust valve 8 further with the piston 3 
arriving at the top dead center, the intake valve 7 is opened and 
closed with a delay from the valve close timing after starting. 
Simultaneously with opening the intake valve 7 by the variable 
valve timing mechanism 24, fuel is injected. Consequently at the 
time of starting, a negative pressure is generated in a 
combustion chamber 4, and fuel is injected instantaneously with 
introducing intake air by opening the intake valve 7, to promote 
atomization of injection fuel. 
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* NOTICES * 

iTPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 
[Claim(s)] 

[Claim 1] By being prepared for the internal combustion engine which changes reciprocation of a piston into 
rotation of a crankshaft and gets power, and driving by rotation of a crankshaft The intake valve and exhaust 
air bulb which open and close the inhalation-of-air path and flueway which are open for free passage to an 
internal combustion engine's combustion chamber, respectively, The adjustable valve timing device among 
said intake valve and an exhaust air bulb which can adjust the valve-opening stage of an intake valve at 
least, The fuel injection valve which is prepared in said inhalation-of-air path, and injects a fuel to a 
combustion chamber, and a starting condition detection means to detect said internal combustion engine's 
starting condition, When an internal combustion engine's starting condition is detected by said starting 
condition detection means After an exhaust air bulb closes the valve and a piston reaches a top dead center, 
while making an intake valve open The 1st control means which carries out drive control of the adjustable 
valve timing device in order to carry out clausilium of the intake valve later than the clausilium stage after 
engine starting, The control unit of the internal combustion engine characterized by having the 2nd control 
means which carries out drive control of the fuel injection valve in order to make a fuel inject with the 
valve-opening stage of the intake valve by said adjustable valve timing device when an internal combustion 
engine's starting condition is detected by said starting condition detection means. 



[Translation done.] 



http://ww4.ipdl.ncipi.go.jp/cgi-bi^^ 8/14/2006 



JP,06-323168,A [DETAILED DESCRIPTION] 



Page 1 of 7 



* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the control unit of the internal combustion engine having 
the adjustable valve timing device whose adjustment of the valve-opening stage of an intake valve was 
enabled. 
[0002] 

[Description of the Prior Art] Conventionally, according to an internal combustion engine's operational 
status, the rotation phase of an inspired air flow path cam shaft is changed, and there is an adjustable valve 
timing device in which the closing motion stage of an intake valve is brought forward or delayed. As one of 
them, there is a technique which brought the clausilium stage of an intake valve forward to near the piston 
bottom dead point BDC at the time of engine starting. This technique prevents ****** of inhalation of air 
by bringing a clausilium stage forward, raises a charging efficiency and a real compression ratio, and tends 
to improve startability. 

[0003] However, for a startability improvement, it is inadequate just to secure a charging efficiency, and it is 
necessary to also take reservation of an engine rotational frequency into consideration. That is, when starting 
an internal combustion engine in winter, a cold district, etc., the sliding friction of a piston is large from the 
first by the rise of oil viscosity etc. If a charging efficiency is gathered as mentioned above on it, 
compression resistance of a piston will become large, the resistance which a piston receives will become 
still larger, an engine rotational frequency will stop being able to go up easily, and engine startability will be 
spoiled. 

[0004] He is trying to delay the clausilium stage of an intake valve rather than the clausilium stage at the 
time of an idling by JP,60-138218,A there at the time of an internal combustion engine's starting between 
the colds. According to this technique, it is possible during cranking of the internal combustion engine at the 
time of starting between the colds to improve startability by minimizing a substantial fill, decreasing the 
compression resistance which a piston receives, and making an engine rotational frequency start at an early 
stage. 
[0005] 

[Problem(s) to be Solved by the Invention] However, with the latter technique, although the clausilium stage 
of an intake valve is adjusted and compression resistance can be decreased, about fuel injection timing, it is 
not taken into consideration at all. For this reason, there is a possibility that the atomization of an injection 
fuel may not be made depending on the method of a setup of fuel injection timing. Consequently, there is a 
problem of engine startability fully not being improved or causing aggravation of the emission at the time of 
starting. 

[0006] This invention is made in view of the situation mentioned above, and the purpose is in offering the 
control unit of the internal combustion engine which can aim at improvement in startability, without 
promoting the atomization of the injection fuel at the time of an internal combustion engine's starting, and 
causing aggravation of emission. 
[0007] 

[Means for Solving the Problem] By preparing this invention for the internal combustion engine M3 which 
changes reciprocation of a piston Ml into rotation of a crankshaft M2, and gets power as shown in drawing 
1 , in order to attain the above-mentioned purpose, and driving by rotation of a crankshaft M2 The intake 
valve M7 and the exhaust air bulb M8 which open and close the inhalation-of-air path M5 and flueway M6 
which are open for free passage to an internal combustion engine's M3 combustion chamber M4, 
respectively, The adjustable valve timing device M9 among said intake valve M7 and the exhaust air bulb 
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M8 which can adjust the valve-opening stage of an intake valve M7 at least, The fuel injection valve M10 
which is prepared in said inhalation-of-air path M5, and injects a fuel to a combustion chamber M4, When 
an internal combustion engine's M3 starting condition is detected by a starting condition detection means 
Ml 1 to detect said internal combustion engine's M3 starting condition, and said starting condition detection 
means Ml 1 After the exhaust air bulb M8 closes the valve and a piston Ml reaches a top dead center, while 
making an intake valve M7 open The 1st control means Ml 2 which carries out drive control of the 
adjustable valve timing device M9 in order to carry out clausilium of the intake valve M7 later than the 
clausilium stage after engine starting, When an internal combustion engine's M3 starting condition is 
detected by said starting condition detection means Ml 1, it has the 2nd control means Ml 3 which carries 
out drive control of the fuel injection valve M10 in order to make a fuel inject with the valve-opening stage 
of the intake valve M7 by said adjustable valve timing device M9. 
[0008] 

[Function] If an internal combustion engine M3 starts and the starting condition is detected by the starting 
condition detection means Ml 1, drive control of the adjustable valve timing device M9 will be carried out 
by the 1st control means Ml 2. After the exhaust air bulb M8 closes the valve and a piston Ml reaches a top 
dead center by this drive control, an intake valve M7 is opened. That is, the period which the exhaust air 
bulb M8 and the intake valve M7 are closing exists, and a piston Ml carries out [ in / both / a charging 
stroke ] downward movement towards a bottom dead point at this period from a top dead center. For this 
reason, between synchronizations, big negative pressure occurs in a combustion chamber M4. If an intake 
valve M7 is opened in this condition, the gaseous mixture which consists of the inhalation air and the 
injection fuel from a fuel injection valve M10 which pass through the inhalation-of-air path M5 according to 
an operation of said negative pressure will be inhaled with sufficient vigor to a combustion chamber M4. 
[0009] Moreover, if an internal combustion engine's M3 starting condition is detected by the starting 
condition detection means Ml 1, drive control of the fuel injection valve M10 will be carried out by the 2nd 
control means Ml 3. A fuel is injected by this drive control at valve opening and coincidence of said intake 
valve M7. 

[0010] Therefore, when negative pressure has occurred in a combustion chamber M4 at the time of an 
internal combustion engine's M3 starting, while an intake valve M7 is opened and inhalation of air is 
introduced to a combustion chamber M4, a fuel is injected by the installation and coincidence from a fuel 
injection valve M10. The atomization of an injection fuel is promoted by operation of the negative pressure 
in this case. 

[001 1] Moreover, if an internal combustion engine's M3 starting condition is detected, drive control of the 
adjustable valve timing device M9 will be carried out by the 1st control means Ml 2, and the clausilium 
stage of an intake valve M7 will be delayed rather than the clausilium stage after engine starting. For this 
reason, in the compression stroke of the internal combustion engine M3 which a piston Ml moves towards a 
top dead center from a bottom dead point, the compression resistance which a piston Ml receives falls. With 
this fall, the engine rotational frequency at the time of starting becomes easy to rise, and startability 
improves. 
[0012] 

[Example] Hereafter, one example which materialized this invention is explained according to drawing 2 - 
drawing 6 . Drawing 2 is an outline block diagram of the Taki cylinder gasoline engine (only henceforth an 
engine) 1 as an internal combustion engine carried in an automobile. In cylinder block la of an engine 1, the 
cylinder 2 of the number according to the number of gas columns is installed side by side, and the piston 3 is 
held possible [ the reciprocation to the vertical direction ] in each cylinder 2. The piston 3 is connected with 
Crankshaft C with the connecting rod 15. The reciprocating motion of a piston 3 is changed into rotation by 
the connecting rod 1 5, and the rotation drive of the crankshaft C is carried out. 

[0013] A combustion chamber 4 is formed above a piston 3, and the inhalation-of-air path 5 and the flueway 
6 are open for free passage here, respectively. The free passage part of a combustion chamber 4 and the 
inhalation-of-air path 5 is opened and closed with an intake valve 7, and the free passage part of a 
combustion chamber 4 and a flueway 6 is opened and closed by the exhaust air bulb 8. These intake valves 7 
and the exhaust air bulb 8 reciprocate to said crankshaft C by the cam shafts 9 and 1 0 by which drive 
connection was carried out, respectively. 

[0014] Said engine 1 introduces the gaseous mixture which consists of the open air from the inhalation-of- 
air path 5, and a fuel injected from a fuel injection valve 1 1 into a combustion chamber 4 through an intake 
valve 7. And after an engine 1 explodes gaseous mixture in a combustion chamber 4 with an ignition plug 
12 and obtains driving force, it discharges the exhaust gas to a flueway 6 through the exhaust air bulb 8. 
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[0015] The throttle valve 13 opened and closed by actuation of an accelerator pedal (not shown) being 
interlocked with is formed in said inhalation-of-air path 5, and the amount of the inhalation air to the 
inhalation-of-air path 5 is adjusted by closing motion of this throttle valve 13. Near the throttle valve 13, the 
throttle opening sensor 14 which detects the opening (throttle opening TA) is attached. Moreover, the air 
flow meter 16 for detecting the inhalation air content Q is arranged in the upstream of a throttle valve 13. 
The intake temperature sensor 17 for detecting the temperature (intake-air temperature THA) of the air 
which an engine 1 inhales is built in the air flow meter 16. 

[0016] The ignition electrical potential difference distributed with the distributor 18 is impressed to said 
ignition plug 12. A distributor 18 is for distributing the high voltage outputted from an ignitor 19 to each 
point fire plug 12 synchronizing with rotation of Crankshaft C, and the ignition timing of each point fire 
plug 12 is determined by the high- voltage output timing from an ignitor 19. 

[0017] The distributor 18 contains the rotational frequency sensor 21 and the gas column distinction sensor 
22 as a starting condition detection means. While the rotational frequency sensor 21 generates a pulse signal 
at every [ of Crankshaft C ] fixed include angle (for example, 30-degreeCA) and detecting a crank angle 
from this pulse signal, the rotational frequency (engine speed NE) of Crankshaft C is detected from the 
number of the pulse signals per unit time amount. Moreover, the gas column distinction sensor 22 generates 
a pulse signal at every [ of Crankshaft C ] predetermined include angle (for example, 360-degreeCA), and 
while detecting a crank angle criteria location (top dead center TDC) from this pulse signal, gas column 
distinction is performed. 

[0018] The coolant temperature sensor 23 which detects the temperature (cooling water temperature THW) 

of cooling water is attached in cylinder block la of an engine 1 . Moreover, the speed sensor 20 for detecting 

the travel speed (vehicle speed SPD) of an automobile is formed in transmission (not shown). 

[0019] In addition, in this example, the adjustable valve timing device 24 for adjusting the valve-opening 

stage and clausilium stage of said intake valve 7 is established. Next, this device 24 is explained in full 

detail. 

[0020] As shown in drawing 3 , the cam shaft 9 for carrying out the closing motion drive of said intake 
valve 7 is supported by the engine 1 pivotable with cylinder head lb and a bearing cap 30. Moreover, the 
journal oil ways 25 and 26 for supplying a lubricating oil to cam journal 9a are formed in cylinder head lb 
and a cam shaft 9, respectively. And during operation of an engine 1, the lubricating oil sucked up by the oil 
pump 27 from an oil pan mechanism 28 is sent to the journal oil ways 25 and 26 through an oil filter 29, and 
is supplied at cam journal 9a. 

[0021] Said adjustable valve timing device 24 is formed in the front end section (left end section of drawing 
3 ) of a cam shaft 9. This device 24 is equipped with the pulley body 33 which has two or more external 
teeth 3 1 on a periphery, and has the hold crevice 32 in a front flank, and the cap 35 fixed with the bolt 34 in 
the front end of a cam shaft 9 so that the hold crevice 32 might be covered. Between the opening edge of the 
pulley body 33, and the periphery of cap 35, the viscous joint 36 for a buffer (bis-dregs coupling) is formed. 
The bis-dregs coupling 36 becomes the pulley body 33 from the outer plate 37 by which press fit 
immobilization was carried out, and the inner plate 38 formed in the periphery of cap 35, and hyperviscous 
viscous fluid is enclosed among both 37 and 38. 

[0022] A ring wheel 39 intervenes between the pulley body 33 and cap 35, and both 33 and 35 are 
connected. That is, the ring wheel 39 is held in the hold crevice 32 of the pulley body 33 sealed with cap 35. 
a ring wheel 39 - among those, both two or more gear teeth 39a and 39b formed in the periphery — a helical 
gear tooth - becoming --****-- migration in the direction of an axis of a ring wheel 39 (longitudinal 
direction of drawing 3 ) — a cam shaft 9 — receiving - relativity — it is rotatable. Each gear teeth 39a and 
39b have geared, respectively to internal-tooth 33a of the pulley body 33, and internal-tooth 35a of cap 35. 
And drive connection of this pulley body 33 is carried out at the crankshaft C of an engine 1 through the 
timing belt 41 ****(ed) by the external tooth 31 of the pulley body 33. 

[0023] Therefore, by transmitting rotation of Crankshaft C to the pulley body 33, the pulley body 33 and cap 
35 which were connected by the ring wheel 39 rotate in one, and the rotation drive of the cam shaft 9 is 
carried out. 

[0024] In the hold crevice 32 of the pulley body 33, the front end side of a ring wheel 39 serves as a 
pressurized room 44, and the control oil way 42 formed in cylinder head lb and a cam shaft 9 and the control 
oil sent through 43 grades act here. Similarly in the hold crevice 32, the back end side of a ring wheel 39 
serves as the spring room 45, and the spring 46 for balance which counters said control oil pressure is held 
here in the state of compression. 

[0025] Moreover, the adjustable valve timing device 24 is equipped with the oil switching valve 47. The oil 
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switching valve 47 is for minding said control oilways 42 and 43, and supplying or suspending some 
lubricating oils sent to the journal oil way 25 from said oil filter 29, to a pressurized room 44. And if 
clausilium of this oil switching valve 47 is carried out during operation of an engine 1, it is located in a 
before side as a ring wheel 39 shows by drawing 3 according to the energization force of a spring 46. Let the 
closing motion stage of the intake valve 7 at this time be timing at the time of starting. 
[0026] On the other hand, if the oil switching valve 47 is opened from the above-mentioned condition, a 
control oil will be led to a pressurized room 44. Then, control oil pressure is applied to the front end side of 
a ring wheel 39, and while the ring wheel 39 resists the energization force of a spring 46 and moves back, it 
rotates. Consequently, torsion is given to the cam shaft 9 for inhalation of air, and the relative position in the 
hand of cut of a cam shaft 9 and the pulley body 33 is changed. Both the valve-opening stages and 
clausilium stages of an intake valve 7 at this time serve as usual timing earlier than timing at the time of said 
starting. 

[0027] In addition, although backlash arises in a ring wheel 39 in the case of torsion of a cam shaft 9, the 
backlash based on the backlash is buffered by operation of the bis-dregs coupling 36, and generating of an 
allophone is suppressed. Moreover, in order to return the control oil which leaked and came out from the 
pressurized room 44 of said hold crevice 32 to the spring room 45 to an oil pan mechanism 28, the return 
oilway 48 is formed in a part of pulley body 33 and cam shaft 9. Moreover, oil tempering is carried out to 
cylinder head lb and the bearing cap 30 which support a cam shaft 9, and the hole 49 is formed in them, 
respectively. 

[0028] By the way, relation with the amount of valve lifts shows the closing motion valve timing of timing 
and the intake valve [ in / usually / timing ] 7, and the closing motion valve timing of the exhaust air bulb 8 
to drawing 4 at the time of starting. At the time of starting, in timing, as a continuous line shows, for 
example, it opens by about 35-degreeCA after a top dead center TDC, and clausilium of the intake valve 7 is 
carried out by about 80-degreeCA after a bottom dead point BDC. Moreover, in timing, as a two-dot chain 
line shows, for example, it usually opens by before [ a top dead center TDC ] about 5-degreeCA, and 
clausilium of the intake valve 7 is carried out by about 40-degreeCA after a bottom dead point BDC. On the 
other hand, it is not changed, for example, opens by before [ a bottom dead point BDC ] about 40- 
degreeCA, and clausilium of the closing motion valve timing of the exhaust air bulb 8 is carried out by 
about 5-degreeCA after a top dead center TDC. 

[0029] As shown in drawing 2 , the throttle opening sensor 14 mentioned above, an air flow meter 16, an 
intake temperature sensor 17, the speed sensor 20, the rotational frequency sensor 21, the gas column 
distinction sensor 22, and the coolant temperature sensor 23 are electrically connected to the input side of an 
electronic control (only henceforth "ECU") 51. Moreover, each fuel injection valve 1 1, the ignitor 19, and 
the oil switching valve 47 are electrically connected to the output side of ECU51. 

[0030] ECU51 is the central processing unit (henceforth CPU) 52 as the 1st control means and 2nd control 
means, and a read-only memory (henceforth ROM). It has 53, random access memory (henceforth RAM) 
54, input port 55, and an output port 56, and these are mutually connected by the bus 57. CPU52 performed 
various data processing according to the control program set up beforehand, and has memorized beforehand 
a control program and an initial data required in order that ROM53 may perform data processing by CPU52. 
Moreover, RAM54 stores temporarily the result of an operation of CPU52. 

[0031] CPU52 inputs the signal from said throttle opening sensor 14, an air flow meter 16, an intake 
temperature sensor 17, a speed sensor 20, the rotational frequency sensor 21, the gas column distinction 
sensor 22, and a coolant temperature sensor 23 through input port 55. CPU52 drives the fuel injection valve 
1 1, the ignitor 19, and the oil switching valve 47 which were connected to the output port 56 based on these 
detecting signals, and performs combustion injection control, valve timing control, etc., respectively. 
[0032] Next, an operation of this example constituted as mentioned above is explained. The flow chart of 
drawing 5 shows the routine for controlling the valve timing of an intake valve 7 among each processing 
performed by CPU52. Moreover, the flow chart of drawing 6 shows the routine for controlling the fuel 
injection by the fuel injection valve 1 1 . Each of these routines is performed for every predetermined time, 
after ON actuation of the ignition key is carried out for starting of an engine 1 . 

[0033] If the valve timing control routine of drawing 5 is started, CPU52 will read the engine speed NE by 
the engine-speed sensor 21 in step 101 first. Then, CPU52 judges whether said engine speed NE is more 
than a rotational frequency (for example, 500rpm) defined beforehand in step 102. If the criteria of step 102 
are not satisfied (NE<500rpm), CPU52 will judge that an engine 1 is starting, will output the control signal 
for carrying out clausilium of the oil switching valve 47 at step 103, and will end this routine. Then, since 
the supply of a control oil to a pressurized room 44 is suspended and control oil pressure is not applied to 
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the front end of a ring wheel 39, a ring wheel 39 is held according to the energization force of a spring 46 in 
the location shown by drawing 3 . Consequently, as a continuous line shows drawing 4 , the valve-opening 
stage and clausilium stage of an intake valve 7 both become later than the clausilium stage of the exhaust air 
bulb 8, and the period (valve overlap) which both intake valve 7 and exhaust air bulb 8 are opening near top 
dead center TDC in the end of exhaust air is lost. 

[0034] On the other hand, it judges that starting of an engine 1 ended CPU52 as the criteria of said step 102 
are satisfied, the control signal for making the oil switching valve 47 open at step 104 is outputted, and this 
routine is ended (NE>=500rpm). Then, a control oil is supplied to a pressurized room 44, and control oil 
pressure is applied to the front end of a ring wheel 39, and while a ring wheel 39 rotates, it moves back. 
Consequently, the relative position in the hand of cut of a cam shaft 9 and the pulley body 33 is changed, 
and it is brought forward as the valve-opening stage and clausilium stage of an intake valve 7 show [ both ] 
drawing 4 with a two-dot chain line. And the valve overlap of the ** and exhaust air bulbs 7 and 8 serves as 
a bigger predetermined value (about 10-degreeCA in this case) than 0-degreeCA. Then, inhalation-of-air 
effectiveness is raised using inertia, and high power is obtained. 

[0035] Thus, at a valve timing control routine, the closing motion valve timing of an intake valve 7 is 
changed the time of starting of an engine 1 , and after starting termination. Especially, at the time of starting, 
the valve overlap of the ** and exhaust air bulbs 7 and 8 is adjusted to negative. The inside of a combustion 
chamber 4 is decompressed greatly, and serves as negative pressure at this negative period (period after 
clausilium of the exhaust air bulb 8 is carried out until an intake valve 7 is opened). 
[0036] Next, the fuel-injection control routine of drawing 6 is explained. If this routine is started, CPU52 
will be step 201 first and will read the various data about the operational status of the engines 1, such as 
engine-speed NE by the intake-air temperature THA by the inhalation air content Q by the air flow meter 
16, and the intake temperature sensor 17, and the engine-speed sensor 21, a reference phase signal by the 
gas column distinction sensor 22, and the cooling water temperature THW by the coolant temperature sensor 
23. 

[0037] Next, in step 202, as for CPU52, the engine speed NE in said step 201 judges whether they are 500 or 
more rpm. When the criteria of step 202 are not fulfilled (NE<500rpm), it judges that CPU52 has an engine 

I in a starting condition, and shifts to step 203, and injection time TAUST is computed at the time of 
starting which is the resistance welding time to the fuel injection valve 1 1 at the time of starting. 

[0038] Here, generally, at the time of starting of an engine 1, since there are few inhalation air contents Q, 
the detection precision by the air flow meter 16 is not so high. For this reason, at the time of starting, 
calculation of injection time TAUST is not based on the inhalation air content Q and an engine speed NE, 
but the injection time according to the cooling water temperature THW is found from a map. On this map, 
since it is hard coming to evaporate the fuel adhering to the wall surface of the inhalation-of-air path 5 etc. 
so that the cooling water temperature THW is low (so that the engine 1 has got cold), by the low 
temperature side, injection time is set up for a long time, and injection time is short set up as the cooling 
water temperature THW rises. And invalid injection time is added to the injection time found from said 
map, and let the addition result be injection time TAUST at the time of starting. Invalid injection time is the 
time amount for amending the actuation delay of a fuel injection valve 11. 

[0039] Next, CPU52 computes fuel injection timing in step 204 at the time of starting. That is, it asks for the 
stage (after [ a top dead center TDC ] about 35-degreeCA in this case) when an intake valve 7 is opened. 
And in step 205, fuel injection is started in fuel injection timing at the time of the above mentioned starting, 
and CPU52 outputs a driving signal to a fuel injection valve 1 1 so that fuel injection may be completed after 
progress of injection time TAUST at the time of starting. CPU52 ends this fuel-injection control routine 
after activation of step 205. 

[0040] On the other hand, if the criteria of said step 202 are fulfilled (NE>=500rpm), CPU52 will judge that 
starting of an engine 1 was completed, and will compute the injection time TAU after starting at step 206. 
On the occasion of this calculation, from an engine speed NE and the inhalation air content Q, the inhalation 
air content (Q/NE) per rotation is calculated, the multiplication of the constant is carried out to this, and it 
considers as basic injection time. And the operational status (engine-speed NE, the cooling water 
temperature THW, an intake-air temperature THA, the inhalation air content Q, vehicle speed SPD, etc.) of 
the engine 1 at that time amends said basic injection time. The invalid injection time of a fuel injection valve 

I I is added to the value after amendment, and let the addition result be the injection time TAU after starting. 

[0041] Then, CPU52 computes fuel injection timing after starting according to the operational status of the 
engine 1 at that time in step 207 according to the map or formula set up beforehand. In both this examples, 
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on the way ( drawing 4 top dead center TDC) which is the valve overlap by which an intake valve 7 and the 
exhaust air bulb 8 are opened as this fuel injection timing is determined. And in step 208 5 fuel injection is 
started in the above mentioned fuel injection timing after starting, and CPU52 outputs a driving signal to a 
fuel injection valve 1 1 so that fuel injection may be completed after progress of the injection time TAU after 
starting. CPU52 ends this fuel-injection control routine after activation of step 208. 

[0042] Thus, in this example, it is judged based on an engine speed NE whether an engine 1 is starting on 
the occasion of control of valve timing or starting was completed (step 102). And according to the decision 
result, drive control of the oil switching valve 47 is carried out (step 103,104), and the operating state of the 
adjustable valve timing device 24 is switched. After the exhaust air bulb 8 closes the valve and a piston 3 
reaches a top dead center TDC in the charging stroke at the time of starting of an engine 1 by this change 
(after [ TDC ] about 35-degreeCA in this case), an intake valve 7 is opened. That is, a piston 3 carries out 
downward movement towards a bottom dead point BDC at the period which both the exhaust air bulb 8 and 
the intake valve 7 are closing from a top dead center TDC. Big negative pressure occurs in a combustion 
chamber 4 at this period. If an intake valve 7 is opened in this condition, the gaseous mixture which consists 
of the inhalation air and the injection fuel from a fuel injection valve 1 1 which pass through the inhalation- 
of-air path 5 according to an operation of said negative pressure will be inhaled to a combustion chamber 4. 
[0043] Moreover, it is judged based on an engine speed NE whether an engine 1 is starting on the occasion 
of fuel-injection control or starting was completed (step 202), and drive control of the fuel injection valve 1 1 
is carried out according to the decision result. At the time of starting of an engine 1, a fuel is mostly injected 
with valve opening of said intake valve 7 by this drive control at coincidence (steps 203-205). 
[0044] Therefore, when big negative pressure has occurred in a combustion chamber 4 at the time of starting 
of an engine 1 , while an intake valve 7 is opened and inhalation of air is introduced to a combustion 
chamber 4, a fuel is injected by the installation and coincidence from a fuel injection valve 11. The 
atomization of an injection fuel is promoted by operation of this negative pressure, an injection fuel is 
stabilized, it becomes easy to burn completely, and the hydrocarbon in the exhaust gas at the time of starting 
(HC) is reduced. 

[0045] Moreover, at the time of starting of an engine 1, it is delayed rather than the clausilium stage after the 
clausilium stage of an intake valve 7 starting (after [ the after / a bottom dead point BDC / about 40 
degreeCA-> bottom dead point BDC ] about 80-degreeCA). For this reason, the compression resistance 
which a piston 3 receives falls in the compression stroke which a piston 3 moves towards a top dead center 
TDC from a bottom dead point BDC. With this fall, the engine speed NE at the time of starting (at the time 
of cranking) becomes easy to go up, and startability improves. 

[0046] In addition, after starting termination of an engine 1 , while an intake valve 7 is opened with the stage 
according to operational status, a fuel is injected with the stage according to this operational status. 
Furthermore, in this example, fuel adhesion in the suction port which is the free passage part of the 
inhalation-of-air path 5 and a combustion chamber 4 decreases. Only the decrement becomes possible 
[ decreasing the quantity of injection fuel quantity ], and is advantageous after the improvement in fuel 
consumption. Moreover, since it can prevent that gaseous mixture becomes deep too much with loss in 
quantity of injection fuel quantity, it is advantageous also when improving the swinging practice 
(phenomenon in which dry black carbon adheres to the whole ignition section) which goes away ignition 
plug 12. 

[0047] This invention is not limited to the configuration of said example, and may be changed into 
arbitration in the range which does not deviate from the meaning of invention as follows. 
(1) Although the adjustable valve timing device 24 of the type which operates with oil pressure was used in 
said example, the adjustable valve timing device of other types, such as a type driven with an electric motor, 
may be used. 

[0048] (2) Although the gear teeth 39a and 39b of the inside-and-outside periphery of the ring wheel 39 in 
the adjustable valve timing device 24 were used [ both ] as the helical gear tooth in said example, it is good 
only also considering one of the gear teeth 39a and 39b as a helical gear tooth. 

[0049] (3) You may make it control the valve-opening stage and clausilium stage of not only the intake 

valve 7 but the exhaust air bulb 8. 

[0050] 

[Effect of the Invention] After an exhaust air bulb closes the valve at the time of an internal combustion 
engine's starting according to this invention as explained in full detail above, and a piston reaches a top dead 
center, while making an intake valve open Since the valve opening and coincidence are made to inject a fuel 
from a fuel injection valve and it was moreover made to carry out clausilium of the intake valve later than 
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the clausilium stage after engine starting The atomization of the injection fuel at the time of engine starting 
is promoted, and the outstanding effectiveness that improvement in startability can be aimed at is done so, 
without causing aggravation of emission. 

[Translation done.] 
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